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英文摘要： This study was a 1-year project intented to develop a Universal 
Desian for Learning (UDL) module, with the emphasis on computer 
simulated laboratrory activities as well as multimedia assisted 
instruction. The content of the self-developed UDL module was the 
application of simple electronic circuit in the science education 
domain.  It was also the purpose of the study to examine the 
learning effectiveness and the social validity of the self-developoed 
UDL module for junior high school underachievers.  
 Participants of the study were thirty students referred by their 
science teachers with a need of enhacing achievements in the 
science domain from two junior high school and assigned to an 
experimental group (n=15) and a control group (n=15) based on the 
school they attend. Participants in the experimental group received a 
total of sixteen hours of instruction using self-developed UDL 
module, while the control group received the same amount of 
repeated instruction in the same content through traditional 
lectualling. Both groups received instruction from the same science 
teacher. 
 Results showed that the experimental group’s posttest scores were 
significantly higher than its pretest scores.  This situation, however, 
was not observed in the control group. The ANCOVA results using 
the pretest as the covariate, however, did not show that students in 
the experimental group significantly outperformed their counterparts 
in the control group on the post test.  Participants interviewed all 
showed positive attitudes toward the UDL module and its effects on 
promoting students’ comprehension of the content material.  
However, the interviewee were not very optimistic regarding the 
application of the computer simulated experimental activities in 
junior high school science classes owing to the technical and time 
consuming concerns.  Findings of the study suggested that junior 
high school underachievers can improve their science scores 
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 本研究於 2010 年 8 月至 2011 年 2 月間完成第一階段的課程發展與內容審查，自 2011 年 2 月
至 6 月間完成第二階段的教材設計與實驗教學。本研究以立意取樣方式從中部兩所國中選取 30 名
由該校理化教師推薦需進行物理科補救教學的國三學生參與研究。學生按其就讀學校分別組成實驗

















The application of Universal Design for Learning (UDL) in enhancing 
underachievers in junior high school learning the nature and living technology 
domain: Using simplified electricity circuit as an example 
 
Abastract 
 This study was a 1-year project intented to develop a Universal Desian for Learning (UDL) module, 
with the emphasis on computer simulated laboratrory activities as well as multimedia assisted instruction. 
The content of the self-developed UDL module was the application of simple electronic circuit in the 
science education domain.  It was also the purpose of the study to examine the learning effectiveness 
and the social validity of the self-developoed UDL module for junior high school underachievers.  
 There were three phases in completing the study: (1) the development of the first draft of the UDL 
module and tested for the content validity (2010/8~2011/2) , (2) the accomplishment of the complete 
UDL module (which included student menu, powerpoint units, worksheets, computer simulated 
laboratory activities, life-centered experiments activities, and pre-post tests) and conduting the experiment 
(2011/2~2011/6), and (3) the test of social validity of the self-developed UDL module. 
 Participants of the study were thirty students referred by their science teachers with a need of 
enhacing achievements in the science domain from two junior high school and assigned to an 
experimental group (n=15) and a control group (n=15) based on the school they attend. Participants in the 
experimental group received a total of sixteen hours of instruction using self-developed UDL module, 
while the control group received the same amount of repeated instruction in the same content through 
traditional lectualling. Both groups received instruction from the same science teacher. 
 In order to examine the effectiveness of the study, both quantitative and qualitative research methods 
were applied.  The effects of the UDL module were assessed using analyses of variance and covariance 
to analyze students’ scores on self-developed pre-post test. Each student of the experimental group also 
filled out a self-developed questionnair for representing the satisfacotry of their participation in the study.  
Interviews with students and teachers were also employed to evaluate the applicability of the module.  
Results showed that the experimental group’s posttest scores were significantly higher than its pretest 
scores.  This situation, however, was not observed in the control group. The ANCOVA results using the 
pretest as the covariate, however, did not show that students in the experimental group significantly 
outperformed their counterparts in the control group on the post test.  Participants interviewed all 
showed positive attitudes toward the UDL module and its effects on promoting students’ comprehension 
of the content material.  However, the interviewee were not very optimistic regarding the application of 
the computer simulated experimental activities in junior high school science classes owing to the 
technical and time consuming concerns.  Findings of the study suggested that junior high school 
underachievers can improve their science scores through the UDL method. Suggestions and implications 
were provided. 
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美國柯林頓總統於 1997 年簽署身心障礙者教育法案（Individuals with Disabilities Education  
Act，簡稱 IDEA）時，明確要求普通教育對於特殊需求學生必須具有「可及性」(accessibility)，
更進一步提出 Learner Diversity and High Standards (因應學習者差異性，以及提高教學績效) 做為
教師的挑戰（邱上貞，2004）。面對此情勢，美國應用特殊科技中心（Center for Applied Special 
Technology，簡稱 CAST）及國立全方位學習設計中心（National Center on Universal Design for 




















  由於全方位教學設計的理念成形較晚，相關的研究工作才剛展開，從 CAST 網站所顯示的





















































 (一) 瞭解低成就學生的學習與人格特質以進行適性教學規劃 
從前文中可知，低成就學生由於認知與後設認知能力的薄弱，因此在學習成效上比一般同儕






























圖 2：97 國中基測自然科第 45 題 























圖 3所示由匈牙利 Designsoft 公司所出品的 Edison 電路模擬軟體。 

























圖 3 Edison 電路模擬軟體的人機介面 
 
五、全方位學習設計－以歐姆定律為例 











































1-1 經由專家審核、教師訪談後，本研究自編之 UDL 補救教學教材組件的周延性如何？ 




























  （一）學生 
本研究以立意取樣方式從中部兩所國中（甲、乙兩校）中共選取 30 名國三受理化教師轉介
需接受補救教學之學生參與研究。如前所述，甲校學生為控制組（n=15；男生 3 人，女生 12 人），











  （一）教學工具--「簡單電路 UDL 補救教學教材組件，以下簡稱簡單電路 UDL 單元」 
1. 目的與理論基礎 









範 UDL Guidelines1.0 具體提示上述教材設計的原則與規範以供審核。本研究在規劃、設計、審
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核自編教材組件的過程，均以 UDL Guidelines1.0 為參照及教材調整之依據（如表 1）。 
表 1：本研究「簡單電路 UDL 單元」配合 UDL 檢核要點之課程與教學調整一覽表 









1.1 options that customize the display of information 
1.2 options that provide alternatives for auditory information 








2.1 options that define vocabulary and symbol 
2.2 options that clarify syntax and structure 
2.3 options for decoding text or mathematical notation 
2.4 options that promote cross-linguistic understanding 







3.1 options that provide or activate background knowledge 
3.2 options that highlight critical features, big ideas, and  
relationships 
3.3 options that guide information processing 














4.1 options in the mode of physical response 
4.2 options in the means of navigation 










5.1 options in the media for communication 
5.2 options in the tools for composition and problem solving 












6.1 options that guide effective goal-setting 
6.2 options that support planning and strategy development 
6.3 options that facilitate managing information and  
resources 
6.4 options that enhance capacity for monitoring progress 
 實驗前先進行教師示範講解，再由程度較佳學生上台示範
以加深印象 















7.1 options that increase individual choice and autonomy 
7.2 options that enhance relevance, value, and authenticity 









8.1 options heighten salience of goals and objectives 
8.2 options that vary levels of challenge and support 
8.3 options that foster collaboration and communication 










9.1 options that guide personal goal-setting and expectations 
9.2 options that scaffold coping skills and strategies 



































4-3 電阻的並聯  





















1.自編「簡單電路 UDL 單元」教材組件檢核問卷—依據 UDL 之三多原則（即：多元表徵、





































（一）簡單電路 UDL 單元實驗教學資料之分析結果 
表 3 將 15 位控制組學生與 15 位實驗組學生在前後測時的得分，以及所需測驗時間的平均數
加以呈現。表 4 則分別呈現兩組平均數與標準差，並將控制組在前後測比較、實驗組在前後測比
較，以及兩組間之前後測比較分別呈現之。 
1. 控制組前後測之比較—就測驗得分而言，控制組在前測成績平均為 14.53 分（標準差
3.23），後測平均為 15.15 分（標準差 4.26），重複測量設計之變異數分析結果顯示，學生在前後
測分數間之差異未達統計顯著性。但由表 3 的數據得知，學生在後測分數略高於前測分數，其
中有 7 位學生後測成績高於前測，3 位學生前後測成績維持不變，但也有 3 位學生的後測成績反
而低於前測（另有二人未能接受後測）。前述結果顯示，重複講述式的補救教學雖能提升學生學
習成效，但效益有限。就所需測驗時間而言，控制組學生在完成前測時所需花費時間平均為




2. 實驗組前後測之比較—就測驗得分而言，實驗組在前測成績平均為 12.00 分（標準差
3.78），後測平均為 14.13 分（標準差 3.31），重複測量設計之變異數分析結果顯示，學生在前後
測分數間之差異達統計顯著性（p=.05）。由表 3 的數據亦得知，其中有 11 位學生後測成績高於
前測，但也有 4 位學生的後測成績反而低於前測。前述結果顯示，以 UDL 理念所設計的補救教
學能有效提升學生學習成效。就所需測驗時間而言，實驗組學生在完成前測時所需花費時間平







































1 7 1290 7 900 15 1380 13 780 
2 15 1518 17 780 12 1380 15 840 
3 13 1845 12 720 11 1260 10 660 
4 6 1800 8 1500 15 1320 14 300 
5 13 1500 12 1020 18 600 20 300 
6 15 1350 16 600 12 1320 9 660 
7 14 1176 14 600 7 600 15 840 
8 17 900 缺考 缺考 8 1440 14 900 
9 13 2100 缺考 缺考 9 1380 11 1020 
10 18 1800 18 1500 13 1380 16 600 
11 18 1200 17 1080 7 1380 9 900 
12 18 1200 20 720 15 1200 17 540 
13 16 1500 18 720 14 1200 19 720 
14 17 1320 18 1080 13 1200 15 300 




控制組 實驗組 兩組比較 前測 後測 Fa 前測 後測 Fa 
M SD M SD M SD M SD Fb 
測驗得分 14.53 3.78 14.13 3.31 1.99 12.00 3.23 14.13 3.31 2.76＊ 1.23 
完成測驗時間（秒） 1450.60 318.96 918.46 305.34 6.93＊＊ 1216.00 262.97 664.00 229.56 7.43＊＊ 4.11＊＊ 
註：＊p<.05, **p<.01；Fa係指兩組各自組內前後測之比較；Fb 係指以前測為共變數，比較兩組在後測之差異 
 
表 5：本研究實驗教學學生對五大主題教學內容的滿意度調查結果一覽表 











1.實驗教學課程能讓我清楚瞭解電路連接的方式與原理 86.67 13.34 --- --- 
2.實驗教學課程能讓我清楚瞭解電壓與電流的基本概念 100.00 --- --- --- 
3.實驗教學課程能讓我清楚瞭解串聯與並聯時，電壓與電流的關係 93.33 6.67 --- --- 
4.實驗教學課程能讓我清楚瞭解歐姆定律的基本概念 86.67 13.34 --- --- 










1. 我覺得這次實驗教學課程很有趣 93.33 6.67 --- --- 
2. 我覺得這次實驗教學課程讓我更知道在實際生活中如何維護用電安全 93.33 6.67 --- --- 
3. 我覺得這次實驗教學課程幫我在基礎電學領域建立了更正確的概念 100.00 --- --- --- 
4. 每週六我都很期待上實驗教學課程 73.33 26.67 --- --- 
5. 我認為個別或小組競賽方式讓我更願意參與上課活動 80.00 20.00 --- --- 
6. 我認為增強系統的使用讓我更願意配合活動進行 80.00 20.00 --- --- 
7. 我認為多媒體教學設計讓我更清楚上課的內容 80.00 20.00 --- --- 
8. 我認為配合簡報所設計的講義讓我更清楚上課的內容 80.00 20.00 --- --- 
9. 我認為 Edison 軟體的模擬操作讓我更清楚上課的內容 100.00 --- --- --- 
10. 我認為實際電路串接實驗活動讓我更清楚瞭解上課的內容 100.00 --- --- --- 
11. 我認為充電小常識增長了我的電學常識 80.00 20.00 --- --- 
12. 我認為生活應用練習讓我更知道在實際生活中如何應用簡單電路原理 93.33 6.67 --- --- 
13. 我認為重點複習幫助我熟記教學內容與重點 93.33 6.67 --- --- 












1-2 對於最喜歡的小單元，有 3 位學生回答「全部！」，有 6 位學生回答「電路連接」，有 3 位學生回答「串
聯與並聯時，但壓與電流的關係」，至於「電壓與電流」、「歐姆定律」及「電路應用」則各有 1 位學生選
為最喜歡的單元。 

















3.教師訪談結果分析—表 7 將參與實驗教學教師對整體教學的感受與回饋加以整理。 
表 7：本研究參與實驗教學教師訪談意見彙整表 
題目 意見彙整 







































































經由 UDL 的有效學習重新喚回學習效能與信心的佐證。 
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1.  驗證全方位教學對低成就國中生學習自然科學領域之學習成效。 
2.  成功發展出第一套國中階段具全方位教學特色的自然科學領域套裝補救教學教材。 
3.  成功帶動彰化縣兩所國中理化教師對於全方位教學的認識。 
4.  完成第一篇以國中自然科學領域為主題的全方位實證教學研究。 
 
